AIM:The authors compared the incidence of radiologically documented and/or symptomatic adjacent segment degeneration in and between patients who underwent anterior or posterior single-level, simple discectomy. MATERIAL and METHODS: 79 patients were clinically and radiologically examined for adjacent segment degeneration (ASD). The results were compared to evaluate which approach was predominant for adjacent segment disc degeneration. RESULTS: ASD was found in 57 of a total of 79 patients. 24% of the patients demonstrated clinical and radiographic evidence and 48% of the patients demonstrated only radiographic evidence of ASD. Both anterior and posterior single level simple discectomy had similar rates for adjacent segment disease (p>0,05) . ASD was found to appear earlier in patients who had anterior cervical discectomy (4.78 vs 9.85 years, p :0,005). Symptomatic evidence of ASD was found to start earlier than radiological evidence of ASD (4.67 vs 7.63 years, p:0,003). Radiographic evidence of adjacent segment degeneration was observed more commonly compared to symptomatic evidence of ASD (38 vs 19 patients, p:0.002). CONCLUSION: Although, radiographic and clinical evidence of ASD is inevitable for both simple cervical discectomy procedures, neither anterior nor posterior simple cervical discectomy is the predominant approach for causing ASD.
INTRODUCTION
Anterior and posterior cervical discectomy for the treatment of cervical spondylosis and cervical disc herniation demonstrate successful clinical outcomes (2, 4, 10, 16, 21) . Although the various complications of these procedures have been well described for many years, a new concept of accelerated degeneration at adjacent disc levels has recently been widely postulated.
The pathogenesis and clinical development of adjacent segment degeneration (ASD) following cervical discectomy are not fuly understood yet, but it has been postulated that such a surgical procedure alters the biomechanical conditions at adjacent segments, resulting in increased loading and excessive movement and subsequent disc degeneration. (3, 12, 18, 22) .
Based on considerable literary support and clinical experience, most researchers demonstrated that anterior cervical discectomy including interbody fusion is associated with increased clinical and radiographic evidence of ASD (1, 3, 5, 14, 20, 22) . However, the incidence of ASD following simple cervical discectomy is yet unclear. On the other hand, there are only few studies which investigate the development of ASD following posterior cervical foraminotomy and discectomy (10, 11) .
Therefore, the present study was undertaken to investigate and compare the long-term results of radiologic and clinical evidence of ASD, in and between patients who have undergone anterior or posterior cervical simple discectomy.
MATERIAL and METHODS

Patients
A total of 97 patients underwent anterior cervical discectomy (ACD) and posterior cervical discectomy (PCD) in our university hospital between 1986 and 2006. The indications for operative intervention included failure of cervical orthosis, physical therapy, and NSAID agents to relieve radicular symptoms or weakness. Single level, unilateral posterior cervical foraminotomy/discectomy and anterior cervical simple discectomy were performed in individual patients with a soft intervertebral disc. Neither interbody nor posterior fusion was performed in those patients. 46 patients had underwent anterior simple discectomy and 51 posterior laminoforaminotomy/discectomy.
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The inclusion criteria for both groups were a previous history of single level simple discectomy at least two years previously. 18 patients were excluded for several reasons: traumatic radiculopathy, previous cervical surgery, cervical instability, reoperation, or concomitant arthrodesis. Thus, 79 patients matched these criteria and 32 of them had anterior and 47 posterior cervical discectomy.
Clinical and radiological analysis
In the postoperative course, all patients were examined neurologically and follow-up MR scans were performed.
The diagnosis of symptomatic ASD was based on the presence of both new radiculopathy or myelopathy symptoms referable to the adjacent levels. The radiological criteria of ASD was based on the control MRI findings such as loss of discal length and narrowing of interdiscal space, hypertrophy of ligamentum flavum, facetal hypertrophy, ostheophyte formation and varying degrees of narrowness in the spinal canal at adjacent levels. Postoperative MRI findings were compared with preoperative MRI scans or with CT scans in patients who did not have a MRI imaging.
Mean follow-up period was 4.78 (2-10) years in ACD group and 9.85 (2-20) years in (PCD) group.
Statistical analysis
We evaluated the incidence of symptomatic and radiographic evidence of (asymptomatic) ASD according to the clinical and radiological parameters in each group. We then compared these results of ACD and PCD groups to evaluate which approach was more predominant for ASD.
The results were expressed as mean ± standard deviation. We selected the statistically significant parameters to correlate with the incidence of ASD by Mann-Whitney U test and Chi-square test. A 'p' value of less than 0.05 was considered significant.
RESULTS
Control MRI studies demonstrated that ASD developed in 57 of total 79 patients ( The average age when ASD was diagnosed was 52 (range, 36 to 69 years) in the ACD and 48 (range, 32-77 years) in PCD groups. The male sex was dominant in both groups. There was no statistical significance between groups in terms of age and sex.
C5-6 and C6-7 levels were the most commonly operated levels in both approaches (Table II) . ASD
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The mean follow-up period for evidence of ASD was 4.78 (2-10) years in the ACD group and 9.85 (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) years in the PCD group (Table IV) . This finding was found to statistically significantly different between the groups (p:0.005) which indicates that the evidence of ASD was observed earlier in the ACD group than the PCD group. Similar results were found when we compared the results at the postoperative periods of 0-5, 5-8 and >9 years (Table  II) . 87.5% of the patients in the ACD group showed evidence of ASD after the 5th year, whereas 81.8 % of the patients in the PCD group showed similar evidence after the 9th year. Moreover, evidence of ASD was not observed in the PCD groups within the first 4 years ( Table V) .
The mean follow-up period was 7.63 years for the radiographic evidence of ASD which was longer than the mean follow-up period of 4.67 years in patients with symptomatic evidence of ASD (p:0.003) (Table VI) . Therefore, symptomatic evidence of ASD development was found to appear earlier than the radiographic development of ASD for both approaches. Symptomatic ASD developed in 19 and asymptomatic ASD in 38 of a total of 79 patients (p:0.002). Thus, radiographic evidence of ASD was found more commonly than the symptomatic evidence of ASD, whether the choice of operation method was anterior or posterior (Table VII) .
ASD with MRI findings
We found that simple cervical discectomy performed anteriorly had a similar rate of radiographic and symptomatic ASD with the posterior approach (31.6% of 79 patients vs 40.5% of 79 patients, p>0.05). Therefore, the evidence of ASD was not found to be statistically significantly different between the groups. There was also no statistically significant difference (p:0.850) when we compared only the symptomatic evidence of ASD between the anterior and posterior group of patients.
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DISCUSSION
Radiologically detected new degenerative changes at levels adjacent to a single-level cervical fusion mass have been demonstrated in series at rates varying from 25% to 89% of patients who have undergone cervical fusion (1, 3, 13, 15) . In a cited study, Hilibrand, et al. reported a large retrospective series in which patients underwent anterior discectomy and subsequent Smith-Robinson fusion, and the authors concluded that symptomatic ASD occurred at a relatively constant incidence of 2.9% annually (12) . They predicted that new symptomatic disease would occur at an adjacent segment within 10 years of operation in 25.6% of the patients who underwent anterior cervical fusion. In our series, 25% of the patients (8 of 32 patients) who had been treated anteriorly showed symptomatic ASD as well. Besides symptomatic ASD, radiographic evidence of ASD has been defined retrospectively by Goffin et al. They reported that 92% of their patients who underwent anterior arthrodesis developed progressive ASD (7). In another study, investigators performed MR imaging preoperatively and during a relatively short-term follow-up period (mean duration 17.5 months) and observed accelerated spondylitic changes adjacent to the fused segment; more pronounced degenerative changes occurred in 75% of the patients (15) . In our series, the rate of only radiographic evidence was 53% following anterior simple cervical discectomy.
Our ASD rates with simple anterior discectomy are similar to those who had undergone anterior cervical fusion. For the cervical spine, there are also data available for comparison of fusion and nonfusion procedures to determine whether the fusion itself might be causative in the development of ASD. For example, Lunsford et al. reported the relatively short follow-up (less than 3 years) of 334 patients who underwent anterior cervical discectomy, many without fusion. Interestingly, they also did not find any difference in the rate of ASD between patients who underwent discectomy with fusion and those who underwent discectomy alone (16). Gore et al. also reported that there was no difference in the incidence of degenerative changes between the operated and the control group at the levels above and below the fusion (8) . Therefore, our study may also support the hypothesis that the mobility and the intradiscal pressure of the adjacent disc were increased after single-level simple discectomy in the same manner that it is seen after discectomy with fusion. In a recent study, Robertson et al. investigated and demonstrated the validity of this hypothesis (20) . They compared the incidence of radiologically changes and symptomatic adjacent level cervical disc disease after single-level discectomy and subsequent cervical fusion or arthroplasty. The authors demonstrated that maintaining motion rather than fusion will prevent symptomatic ASD and will decrease adjacent level radiological indicators of disease at a 24-month interval.
However, it is difficult to ascertain whether ASD was caused by increased mechanical stress or by natural progression of the degenerative process. Predisposing factors play an important role at this point. One of the most consistent predisposing factor for ASD development in series of anterior cervical fusion is the presence of degenerative changes at adjacent segments before fusion. In their large series, Hilibrand et al. reported that discs associated with some degree of degeneration before fusion were at risk of developing clinically symptomatic ASD during follow-up (12) . They also reported that fusions ending at C5 or C6 were at higher risk of developing ASD than fusions ending at other levels. It was also reported that the lower segments (ie, C5-C6 , C6-C7) are typically the ones to degenerate and to require subsequent surgical treatment. These lower levels may be vulnerable because of their increased segmental motion and loading demands. In our series, C5-6 and C6-7 were the levels that were operated on more frequently than other levels. In addition, 80% of our cases operated on via an anterior approach and 90% of the cases operated posteriorly showed ASD at C5-6 and C6-7 levels as well. Our results also support that lower cervical levels are candidates for adjacent segment disease. This finding of our study and close proximity of the ranges of ASD in our series to anterior discectomy and fusion series may indicate that ASD is a part of a natural progression of the degenerative process. On the other hand, Goffin et al. hypothesized that ASD is caused by operative damage to the anterior longitudinal ligament or the longus colli muscles (6) . Moreover, dissection and retraction of the longus colli muscles in conjunction with localization of the disc segment during anterior cervical spine surgery might serve as irritants to ligamentous structures. Ligamentous alterations might lead to local changes in load sharing that affect the dynamic stability of the column (19) . This operative manipulation is common for all kinds of anterior approaches to cervical disc disease and therefore may cause further ASD in cervical discectomies with or without fusion.
The chosen surgical approach used for the treatment of cervical spondylosis is reported to have no effect on the development of ASD by some authors. Herkowitz et al. studied 44 patients with 4.5 years of follow-up who had been randomized to anterior cervical discectomy and fusion or posterior foraminotomy without fusion for the treatment of cervical radiculopathy (11, 22) . In the group undergoing anterior fusion, 41% developed ASD. Surprisingly, 50% percent of the patients undergoing posterior foraminotomy without fusion had evidence of adjacent level degeneration. Henderson and coworkers performed 846 discectomies through a posterior laminoforaminotomy in 736 patients (10) . In their series, the incidence of ASD was 3.9% per year, which is quite similar to other large series of anterior arthrodesis with an incidence ranging from 2% to 4% . These observations raised the question of the role of surgery in the development of ASD. We also found no significant difference for the development of ASD between patients who underwent anterior single level simple discectomy or posterior laminoforaminotomy and discectomy. Moreover, our study was unique in a literature search that specifically compared the anterior and posterior cervical approach for simple discectomy without fusion to investigate the incidence of further ASD. The main difference between anterior and posterior approach in our study by means of ASD is that symptomatic evidence of ASD was observed earlier in the anterior group than the posterior group.
Several series have studied the prevalence of radiological degenerative findings in subjects with evidence of cervical myeloradiculopathy (3, 9, 14, 17) . The authors reported that there was no correlation between the development of ASD and the onset of new clinical symptoms referable to the radiographic changes. However, it is true that many clinical follow-up studies of patients undergoing anterior cervical discectomy and fusion have demonstrated that some patients undergoing anterior cervical fusion do appear to develop symptomatic ASD. Bohlman, Gore and Williams reported in different studies that, 9%, 14% and 17% of their patients undergoing anterior cervical decompression and fusion developed ASD requiring additional surgery, respectively. (2, 8, 23) . These three studies suggested that the annual incidence of ASD requiring additional surgery appears to be between 1.5% and 4%. In our study, all symptomatic patients with radicular pain responded to an aggressive regimen of conservative therapy. None of our patients developed onset of motor deficit, persistent disabling pain, progressive deformity, myelopathic signs and symptoms, or clinical instability and therefore none of them required surgical intervention.
In conclusion, it appears that both anterior and posterior single level simple discectomy have
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Turkish Neurosurgery 2010, Vol: 20, No: 3, 334-340 Acikbas C S, et al: Adjacent-Segment Degeneration similar rates for ASD based on the available clinical and radiographic evidence of ASD analyzed in this study. Anterior single level simple cervical discectomy may reach the same rate of ASD following anterior single level cervical discectomy with fusion. Radiographic evidence of ASD is a significantly more common finding than symptomatic evidence of ASD. Radiographic and symptomatic evidence of ASD was found to appear earlier in patients who underwent anterior cervical discectomy than the posterior approach. Symptomatic evidence of ASD also appears earlier than the radiographic evidence of ASD.
